
AFOSR-Tx -71-3016

00
FINAL REPORT

on

ENERGETICS AND TOPOGRAPHY OF INTERFACE PHENOMENA

GRANT

*$-AFOSR-68-1360

Stanford University

Department of Materials ,Science and Engineering
Stanford, California 94305

Prepared by

Professor William A. Tiller
(Principal Invest,-gat,--'

November 25, 1971

Research sponsored'by the Air Force Office of Scientific Research, Air Force
Systems Command, United States Air Force.

Approved for public release; distribution unlimited.'

SU)-DMS-72-R-25

**@Wodckwd byNATIONAL TECHNICALINFORMATION SERVICE
Se-ngid. ,,,t 223 ) [7'

Ud""OK WW225
,~DEC1U 1

i--



UNCLASSTF ED
Skeru~iq Ci. nfiacr.i(n

DOCUMENT CONTROL DATA. R & D
(Seewify elseilkaf~iQA of MWI@ body of oboeract and Md..*it nnQ flon*i r...I h,.. *n-.d h che .... is .. p..a 1. 1 ... iii.d)

I ORIGINA TING AC TIVITV IC70tPO.AIS -Iho) "*t "~l A 0 1 CU"III V C tL ASt IC A I 10N1

Stanford University UNCLASS IFIED
Department of Materials Science and Engineering --.
Stanford, California 94305

3 REPORT TITLE

ENERGETICS AND TOPOGRAPHY OF INTERFACE PH4ENOMENA

14. OscIRIpTlvjE NOTKS (Type of repbrt end InclieI~e ded*e)

Scientific Final
S. AU PTHORIS) (Fire$ name, midasf initial. laet nae)

William A. Tiller

5REPORTDATE 78. TOTAL NO OF PAGES lb. NO. OF REFS

25 November 1971 8
bo OTRACT OR GRANT NO en. RIGINATOXAS REPORT NUUUERfZ1

AFOSR-68-1360

b. PROJECT NO 9761-02 SU-DMS-72-R-25

C. 61102F Sb OTHER REPORT NO(St (Any othler n~wbere that isy be assigned
'hit leperS)

If. 681306 AFOSR-TR-71-3016
10. DISTRIBUTION STATEMENT

Approved for public release; distribution unlimited.

11 SU)PPLEMENTARV NOTES 12I. SPONSORING MILITVARY AC T'VITY

AF Office of Scicntific Research (NE)
TECH, OTHER 14r0igon Boulevard

________________________Arlington,__ Virginia_22209
13.AB ST RACT

An entirely new foundation for the investigation of interfaces has been
laid and partially consolidated via 42 scientific publications plus the sup-
port and development of 14 Ph.D. students. By detailed investigation of the
five component parts of the excess free energy of an interface, it has been
possible to clearly model many complex multi-parameter, multi-variable processes
taking place at interfaces. Significant accomplishments relate to new approaches
to stress corrosion cracking, surface creation during phase transformations
and to a realistic model for crystal-liquid interfaces.

DD NO 4173 UNCLAISIFIED

Security ClIasicatin



UNCLASSTPIED
S.sullty 0Cl. ticlion

IALINK A LIN- fi LIN. C
KIEVWOROS

ROL[ VVT RlOLE WT ROLE WY

crystals interface phenomena
crystallization surfaces
solidification corrosion
structure kinetics
morphology energetics
Materials Science topography

surface reactions

UNCLASSIFIED
Secuuity Classificationi



Approved fur public release; distribution unlimited.
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The Energetics, Kinetics and Topography of Interfaces

Grant *-AFOSR-68-1360

A. Original Objectives

The objective of this research was to theoretically analyze and experi-

mentally investigate the various contributions which comprise the energy of

both a stationary or moving interface betueen two phs:es p)us how this energy

changes with the detailed topography and chemical composition of the inter-

face. It was further designed to reveal the important role these considera-

tions, extended to include point and line defects, play in those processes

that are surface controlled.

B. General Accomplishments

An entirely new foundation for the investigation of interfaces has been

laid and partially consolidated. By detailed investigation of the five com-

ponent parts of the excess free energy of an interface, it has been possible

to clearly model many complex multi-parameter, multi-variable processes taking

place at interfaces. This understanding will be of significant aid to many

application areas: processing (phase transformations, foams, emulsions,

aerosols, catalysis, coagulation); protection (coatings, paints); adhesion

(joining, brazing); corrosion and degradation; unique properties (composites,

films, membranes).



A very tangible result has been some 40-50 publications of which over

half are already in print whereas the remainder are still in the manuscript

stage and have either been submitted or will be submitted during the next

three months. Another important consequence of this work has been the sup-

port and scientific development of 14 Ph.D. students (6 overlapping from the

previous "Crystailogenics" grant).

C. Significant Accomplishments

(a) The development of an entirely new theoretical procedure for evalua-

ting the cost of surface creation during phase transformations. This allows,

for the iirst time, a procedure for assessing the stability of faceted inter-

faces and interface anisotropy effects during phase transformations.

(b) The development of a simple yet powerful model of how a hydrogen

pump could operate during stress corrosion cracking. This is part of a novel

new approach to stress corrosion which treats it theoretically as an inter-

face instability problem and analyzes it after the manner of a phase trans-

formation.

(c) The development of a realistic model of a liquid for treating crystal-

liquid interactions whether it be for crystallization application or corrosion

application. This "mobile-liquid" model is a significant advance over the

standard "lattice-liquid" model in present use.
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Ph.D., January 1968.
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Interfacial Electrical and Non-Equilibrium Phenomena Influencing Phase Trans-

formations; B. Jindal; Ph.D., June 1968.
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Ph.D., June 1968.

The Role of Dendrites in Spherulitic Crystallization; G. Geering; Ph.D.,
June 1968.
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Ph.D., June 1968.
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Thermochemical Analysis of Phase Equilibrium in Alloy Systems; M. V. Rao;
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2. On Electrostatic Potentials at the Ice/Water Interface, B. K. Jindal

and W. A. Tiller, Surface Science 9, 137 (1968).

3. Generation of Chemical Potentials by Analysis of Phase Diagrams, Part I,
R. Hiskes and W. A. Tiller, Materials Science and Engineering 2, 320
(1968).

4. On the Diffusion of Solute During the Eutectoid and Eutectic Transfor-
mations, Part I, L. Donaghey and W. A. Tiller, Materials Science and
Engineering 3, 731 (1968).

5. Stability of the Needle Crystal, G. Kotler and W. A. Tiller, J. of
Crystal Growth 2, 287 (1968).

6. On the Growth Rate of Crystals from Solution, W. A. Tiller and C. Kang,
J. of Crystal Growth 2, 248 (1968).

7. Some Interface Growth Features of Czochralski Sapphire Crystals, S. O'Hara,
J. of Crystal Growth 2, 145 (1968).

8. On the Mechanisms of Crystal Multiplication During Solidification in the
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and Steel Institute, "Solidification of Metals," 1968.

9. On the Diffusion of Solute During the Cellular Mode of Crystallization,
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Geering and W. A. Tiller, The Iron and Steel Institute, "Solidification
of Metals," 1968.
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11. Numerical Study of Dendrite Growth, W. Oldfield, The Iron and Steel
Institute, "Solidification of Metals," 1968.

12. Discussion of Interface Stability of Large Facets on Solution Grown
Crystals, S. O'Hara. L. A. Tarshis, W. A. Tiller and J. D. Hunt, J. of

Crystal Growth 3, 4, 555 (1968).

13. Stability of the Solid-Liquid Interface of Semi-Transparent Materials,
S. O'Hara, L. A. Tarshis and R. Viskanta, J. Crystal Growth 3, 4, 583
(1968).

14. On Dendritic Growth of Pure Materials, G. R. Yotler and L. A. Tarshis,

J. of Crystal Growth 3, 4, 603 (1968).

15. Heat Transfer by Simultaneous Transport Mechanisms for Two Optically

Absorbing Media in Intimate Contact, L. Tarshis, R. Viskanta and S. O'Hara,
J. Heat Transfer 12, 333 (1968).

16. Theory of Non-Equilibrium Distribution Coefficients During Crystallization,
B. K. Jindal and W. A. Tiller, J. Chem. Phys. 49, 4632 (1968).

17. The Stability of a Eutectic Growth Front, S. O'Hara and A. Hellawell,

Scripta Met. 2, 107 (1968).

18. Kinetics of Isenthalpic Solidification Using the Theory of Dendritic
Growth, G. R. Kotler and L. A. Tarshis, J. of Crystal Growth 2, 222 (1968).

(b) Papers published in 1969:

19. The Electrostatic Contribution in Heterogeneous Nucleation Theory: Pure
Liquids, W. A. Tiller and T. Takahashi, Acta Met. 17, 483 (1969).

20. The Supercooling Dependence for Nucleation of Some Metals on Liquid Drop
Size, T. Takahashi and W. A. Tiller, Acta Met. 17, 643 (1969).

21. Nucleation Experiments on Some Alloys with Low Eutectic Temperatures,

T. Takahashi and W. A. Tiller, Acta Met. 17, 651 (1969).

22. A Study of the Nucleation Process in Liquid Bi and Bi-Te Alloys Using the

Nuclear Magnetic Resonance (NMR) Technique, T. Takahashi and W. A. Tiller,
Acta Met. 17, 657 (1969).

23. On the Effective Dielectric Constant of Metal Interfaces, W. A. Tiller,

Scripta Met. 3, 273 (1969).

24. Generation of Chemical Potentials by Analysis of Phase Diagrams, Part II:

Isomorphous Systems, R. Hiskes and W. A. Tiller, Mat. Sci. & Eng. 4,
163 (1969).
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25. Generation of Chemical Potentials by Analysis of Phase Diagrams,
Part III: Eutectic Systems, R. Hiskes and W. A. Tiller, Mat. Sci. &
Eng. 4, 173 (1969).

26. The Migration of a Liquid Zone Through a Solid: Part IV, W. A. Tiller,
J. of Crystal Growth 6, 77 (1969).

27. Generation of a Science-Based Technology in the Field of Crystallization
W. A. Tiller, Canadian Metallurgical Quarterly 8, 77 (1969).

28. Growth from the Melt, Part IV: Pulled Dendrites, G. F. Bolling and
W. A. Tiller, Canadian Metallurgical Quarterly 8 (1969).

(c) Papers published in 1970:

29. A Critique on the Mathematical Theory of Spinodal Decomposition, W. A.
Tiller, G. M. Pound and J. P. Hirth, Acta Met. 18, 225 (1970).

30. Excess Free Energies in the Ge, Si and Ga Binary Systems - The a-Parameter
Approach, M. V. Rao and W. A. Tiller, J. of Phys. & Chem. Solids 31,
191 (1970).

31. Interface Morphology Control, W. A. Tiller in "Interfaces" (R. Gifkins,
ed., Gordon and Breach, 1970).

32. A Hydrogen Pump for Stress Corrosion Cracking, W. A. Tiller and R.
Schrieffer, Scripta Met. 4, 57 (1970).

33. On Nonstructural Application of Composites, M. B. Bever, P. Duwez and
W. A. Tiller, Mat. Sci. and Engr. 6, 149 (1970).

34. On the Thermodynamics of Inhomogeneous Systems, J. P. Hirth, W. A. Tiller
and G. M. Pound, Phil. Mag. 22, 117 (1970).

35. The Excess Velocity Potential of the Needle Crystal, E. Holzmann, J. Appl.
Phys. 41, 1460 (1970).

36. The excess Velocity Potential of the Platelet Crystal, E. Holzmann,
J. Appl. Phys. 41, 4769 (1970).

37. The Use of Phase Diagrams in Solidification, W. A. Tiller, in "Phase
Diagrams," Vol. I (A. Alper, ed., Academic Press Inc. N.Y., 1970).

38. Orientation and Temperature Dependence of the Photoplastic Effect in
ZnO, L. Carlsson, J. of Appl. Phys. 42, 676 (1970).

(d) Papers published in 1971:

39. On the Lattice-Liquid Model for Interface Roughening, D. Nason and
W. A. Tiller, J. of Crystal Growth 10, 117 (1971).

-6-



40. Equivalent Conductivity of Potassium Halides in Molten Acetamide, R- A.
Wallace, J. Phys. Chem. 75, 2687 (1971).

41. Structural Transition in Strcng-Acid Membranes, R. A. Wallace and
B. K. Jindal, J. of Electrochem. Soc. 118, 707 (1971).

42. Further Comments on Spinodal Deconposition, W. A. Tiller, G. M. Pound
and J. P. Hirth, Acta Met. 19, 475 (1971).

(e) Papers accepted for publication:
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1972).

2. On the Energetics, Kinetics & Topography of Interfaces, W. A. Tiller,
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4. Freezing Potentials, I: Effect of Substrate on Potential During the
Freezing of Aqueous Solutions at a Uniform Rate, B. K. Jindal and W. A.
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5. The System In-Ga: Thermodynamics and Computed Phase Equilibria, M. V.
Rao and W. A. Tiller, J. of Mats. Sci., 1972.

(f) Papers submitted for publication:

1. Transient Electrical Potentials at Ice-Sodium Polystyrene Sulfonate
Solution Interface, B. K. Jindal and R. A. Wallace, J. of Colloid and

Interface Science.

2. On the Critical Size Dependence of Tarnish Films During the Stress
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3. Interface Morphology Development During Stress Corrosion Cracking,
Part I: Via Surface Diffusion, R. J. Asaro and W. A. Tiller, Metallur-
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4. On the Enthalpy and Ertropy of Fusion for Simple Liquids, D. Nason and
W. A. Tiller, Acta Met.

(g) Papers in preparation for publication:

1. Determination of Solute Interaction Parameters by Analysis of Phase
Equilibria Using a Linear Programming Technique, M. V. Rao, W. A. Tiller

and R. Hiskes.
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